Objective: Subclinical thyroid disorders are common in older individuals. Health risks associated with subclinical hypothyroidism in older adults are unclear. The aim of the study is to evaluate whether thyroid status in elderly subjects correlates with physical and cognitive function at baseline and with 3-year mortality. Design: A population-based, prospective cohort of the OCTABAIX study (307 inhabitants aged 85 years at baseline). Methods: Chronic drug prescription, functional status (Barthel and Lawton indices) and cognitive status according to the Spanish version of the Mini-Mental State Examination were recorded. Quality of life was assessed using the visual analogue scale of the quality of life test. Concentrations of TSH and thyroxine were measured. Participants were classified in accordance with clinical categories of thyroid function. Results: Twenty (6.5%) individuals had subclinical hypothyroidism and five (1.6%) had subclinical hyperthyroidism. Compared with euthyroid subjects (nZ280; 91.8%), subclinical hypo-and hyperthyroidism subjects were not significantly associated with poor physical or cognitive function at baseline. Fifty-one (15.1%) subjects died during the 36 months of follow-up. TSH values and subclinical hypo-and hyperthyroidism were not associated with an increased overall mortality risk (hazard ratio (HR) 1.086, 95% CI 0.987-1.196 and HR 0.905, 95% CI 0.902-1.053 respectively). Conclusions: This study does not support the association of TSH or thyroid disorders with physical or cognitive function at baseline or with 3-year mortality in the oldest old subjects.
Introduction
Thyroid function seems to have a role in the modulation of oxidative stress, one of the most popular theories to explain the ageing phenomenon (1) . Abnormalities in thyroid function are frequently observed in ageing populations with the most prevalent type being subclinical hypothyroidism (2, 3, 4, 5) . Although overt thyroid disorders negatively influence physical and cognitive function, the association of subclinical thyroid disorders with these outcome measures is less clear and studies demonstrate contradictory results (6, 7, 8, 9) .
The results of studies on the association between decreased serum thyrotrophin (TSH) levels and all-cause mortality are also conflicting (3, 9, 10, 11, 12, 13, 14, 15, 16) . The inconsistent results from prospective studies may be due to differences in age, gender, different duration of follow-up and other characteristics of the participants. Subclinical hypothyroidism has been associated with negative clinical outcomes in older adults, such as abnormalities in lipid profile and poor cardiovascular function. Some studies found an association between subclinical hypothyroidism and all-cause and cardiovascular mortality, but other studies did not (9, 10, 11, 12, 13, 14, 15, 16) . Moreover, some reports indicate that in the oldest of elderly subjects, high levels of TSH are associated with a prolonged lifespan (14, 15, 16) .
The aims of our study were twofold. The first objective was to evaluate the correlation between TSH levels/thyroid status and functional and cognitive status at baseline. Our second objective was to determine the possible association between TSH values and mortality in an elderly cohort of inhabitants aged 85 years at baseline after 3 years of follow-up.
Subjects and methods
The OCTABAIX study is a prospective cohort study incorporating a double-blind, parallel-group, randomized clinical trial on falls and nutritional risk. A total of 328 community-dwelling persons born in 1924 (85 years old at the time of inclusion) who were registered at one of seven primary care teams in the geographical area of Baix Llobregat, Barcelona, Spain, were included; this sample is described in more detail elsewhere (17, 18) . In brief, every old inhabitant was interviewed at their home or their health centre by a research team with training in geriatrics. The Institutional Ethics Committee of the local health system approved the design of the study and all patients, or the caregivers of cognitively impaired subjects, gave their written informed consent before enrolment. No criteria related to baseline health or cognitive status were used to exclude patients. Sociodemographic data (gender, marital status, place of residence, educational level and living alone) and a comprehensive geriatric evaluation (functional, cognitive and nutritional status, social risk, gait and risk of falls) based on tools currently used in geriatric practice were included in this evaluation.
Functional status was measured using the Barthel index (BI) (19) for basic activities of daily living (ADL) and the Lawton index (LI) (20) for instrumental ADL. The LI is an easy-to-administer assessment instrument that provides self-reported information about functional skills necessary to live in the community. The BI measures include questions about seven areas: feeding, bathing, personal hygiene, dressing, bowel/bladder control, getting on/off the toilet and locomotion. A maximum score of 100 indicates that the subject is independent in physical function and the lowest score of 0 indicates a totally dependent state. LI scores range from 0 (low function, dependent) to 8 (high function, independent). Historically, women were scored on all eight areas of function; men were not scored in the domains of food preparation, housekeeping or laundering. However, we applied the current recommendations to assess all domains for both genders (18) . A limitation of the instrument includes the self-report or surrogate report method of administration rather than a demonstration of the functional task. Cognitive function was measured using the Spanish version of the Mini-Mental State Examination (MEC) (21) , which has a total score of 35 and takes particular account of the very low educational level of the elderly Spanish population. As recommended, we considered scores below or equal to 23 to indicate the presence of cognitive impairment. We defined non-disabled subjects as those with a better health status (successful age), who, in addition to being non-institutionalized, had scores of 91 or higher on the BI and 24 or higher on the MEC, criteria that we had already used to assess the oldest old population in our area (18) .
Nutritional status was assessed using the Mini Nutritional Assessment (MNA) (22) . The MNA score is based on 18 items covering four component sub-scores: MNA-1 (four items), anthropometric measurement (0-8 points); MNA-2 (six items), overall evaluation (0-9 points); MNA-3 (six items), assessment of dietary habits (0-9 points); and MNA-4 (two items), subjective assessment of self-perceived quality of health and nutrition (0-4 points). The score obtained (maximum 30 points) classifies the subjects assessed into three categories: 24-30, well nourished; 17-23.5, at risk of malnutrition; and !17, malnourished. Gait was evaluated using the Gait Rating Scale from the Tinetti Performance-Oriented Mobility Assessment (23) . The gait component of this scale evaluates seven items: initiation of gait, step height and length, step symmetry and continuity, path deviation, trunk stability, walking stance and turning while walking. The scale provides a final score that ranges from 0 to 12, with a higher score indicating better gait performance. Quality of life was assessed using the visual analogue scale of the Quality of Life Test (EQ-VAS) of perceived health (24) . The EQ-VAS records the respondent's self-rated health on a 20 cm vertical, visual analogue scale with endpoints labelled 'the best health you can imagine' (100) and 'the worst health you can imagine' (0).
The Charlson score (CS) was used to measure overall comorbidity (25) . It ranges from 0 to a theoretical
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www.eje-online.org maximum of 33, depending on the presence of certain diseases with assigned values. The age-adjusted CS was not used as all participants were 85-year olds. Cardiovascular risk factors such as treatment for high blood pressure above 140/90 (clinical measurement of blood pressures calculated using the average of two morning measurements in the upright position), diabetes mellitus and dyslipidaemia were also recorded. Disease prevalence for stroke and dementia was determined on the basis of data review from general practice records. The number of drugs used by prescription on a chronic basis was also recorded. In most cases, the physician who obtained the information was at the same time the one who usually cared for the patient -comorbidity data were therefore derived not only from self-report but also from chart reviews, test results and prescription drug indications. Patients and/or caregivers were asked about any previous falls in the last year.
Laboratory measures
Blood samples were collected in the morning after a 12-h fast. Aliquots of serum were obtained and processed immediately. Plasma concentrations of TSH and free thyroxine (FT 4 ) were measured using an electrochemiluminescence immunoassay based on the sandwich principle with MABs (Roche Diagnostics). The reference range was 0.25-5 mU/l for TSH and 10-26 pmol/l for FT 4 . Assay sensitivities were 0.005 mU/l for TSH and 0.03 pmol/l for FT 4 . Inter-assay coefficients of variation were 1.96-3.56% over the range 0.005-100 mU/l for TSH and 1.91-3.68% over the range 0.3-100 pmol/l for FT 4 .
Definition of thyroid function
Complete data on thyroid hormones were available in 318 (96.9%) participants. We excluded the 11 participants who were undergoing chronic treatment with drugs known to affect thyroid function, including thyroid hormone preparations, methimazole, propylthiouracil and lithium. O26 pmol/l).
Outcome events: mortality
Mortality, measured as time-to-event data, was the main outcome of this study. The vital status of the participants was thus intermittently evaluated during the 3 years of follow-up. Participants were categorized as alive after 36 months of follow-up or censored when they died. Mortality status and causes of death were determined by trained physician adjudicators on the basis of medical records from hospitalizations and emergency room visits, death certificates and autopsy and coroner's reports, when available. We compared the patients who survived with those who died.
Statistical analysis
Normally distributed continuous variables are reported as meanGS.D. Categorical variables are reported as proportions. Normal or non-normal distributions of continuous variables were assessed using the Kolmogorov-Smirnov test. The Student's t-test was used to compare continuous variables, following the Levene test for equality of variances, while either the c 2 statistic or Fisher's exact test was used to compare categorical or dichotomous variables. Spearman and Pearson correlations were used. Cox models were adjusted between the main outcome variable and predictors. The semiparametric Cox proportional hazards model analyzed the relationship between the time-to-event response variable and adjusted baseline covariates. Proportional hazards and linearity (on continuous variables) assumptions were evaluated for the Cox models to determine the variables associated with 3-year mortality. The variables entered into the model using a backward stepwise approach were those for which a significant association was previously reported in the total cohort, that is the LI and chronic drugs prescription, as well as gender, BI and MEC. We ran the model again after adding thyroid status as categorical scores and TSH mean values as continuous variables. An adjusted hazard ratio (HR) with a 95% CI was used. The results were considered significant when P!0.05. All analyses were performed using SPSS 15.0 Statistical Software (SPSS, Inc.).
Results
The sample included the 307 subjects from whom baseline TSH and FT 4 values were recorded (184 women (54.6%) and 123 men). Geriatric assessment tools at baseline showed the following mean values: BI 87.4G19 for basic A total of 127 falls was recorded, with a mean of 0.4G0.9 falls per subject. Table 1 shows baseline characteristics of participants according to thyroid function. 
Evaluation after 3-year follow-up

Predictors of mortality
Cox regression analysis identified two significant clinical variables (LI values and number of chronic drugs used) as independent predictors of 3-year risk of mortality for this cohort of octogenarians (Table 2 ). LI and chronic drug prescription were not affected by the introduction of 
Discussion
Most of the 85-year-old inhabitants evaluated had normal thyroid function, with a slightly higher percentage than those in the Leiden 85-Plus Study (91.8 vs 85%) (14) , along with slightly higher percentages of subclinical hypothyroidism (6.5 vs 5%) and slightly lower percentages of subclinical hyperthyroidism (1.6 vs 3%) (14) .
Our results provide no evidence of any effect of thyroid status on functional and cognitive function. Similarly, in the Leiden 85-Plus Study with the same aged subjects at baseline, there was no association between levels of TSH and disability in ADLs, disability in instrumental ADLs or cognitive function (14) . Simonsick et al. (8) evaluated 2290 community-dwelling residents participating in the Health, Aging and Body Composition Study and used functional mobility (the capacity to walk 20 m unaided) as a marker of health status in a younger population (mean age of 74.6 years). In this study, the authors found no negative influence of subclinical hypothyroidism and those with mildly elevated TSH level even showed a slight functional advantage. Our participants also differed in accordance with thyroid values in terms of scores of risk scales of falls such as the Tinetti Gait Scale. In the OCTABAIX study, there were no differences in the number of falls according to thyroid status. By contrast, a study evaluating older subjects (mean age 90.3 years) showed that participants who did fall had significantly higher TSH levels (26) . A topic that is interrelated with function and cognition is quality of life. As reported previously (27) , we found no differences in quality of life according to thyroid status in these elderly subjects.
In this cohort of community-dwelling elderly people, we found no evidence of an association between mean TSH values and all-cause 3-year mortality. There was also no statistically significant difference according to the categories of thyroid function. In a previous study in our area evaluating older subjects (mean age at baseline 94 years), the mean TSH level was 3.10G6 mU/l. The majority had normal thyroid function, while three (4%) had abnormally high levels, and five (7%) had abnormally low levels of TSH. Forty-four participants died during the follow-up period (67.1%). There were no significant differences in serum TSH values in patients who died with respect to the survivors (2.3G3.6 vs 2.6G8.9, PZ0.66) (13) . These results contrast with those reported in another study with a larger sample (599 participants) followed up from age 85 years through age 89 years and with a much lower mortality rate (37%) that showed an association between low thyroid function (high levels of TSH) and longevity (14) . Our results are consistent with recent studies of younger subjects and longer follow-up periods that did not report any independent association of serum TSH and mortality, including a German study (younger than 65 years old with follow-up of 8.5 years) (10), the Longitudinal Aging Study Amsterdam (mean age of 75 with a follow-up of 10.7 years) (9) and the Osteoporotic Fractures in Men study (mean age 74 years, follow-up 8.3 years) (28) . We chose a 3-year follow-up period for this study because it represents about 50% of the years of life expectancy in 85-year olds in our area (6.5 years) (18) . Even when we evaluated only the oldest euthyroid subjects, plasma TSH was not associated with a lower risk of all-cause mortality, as it had been in The Aging in the Chianti Area study (6) .
This study has several strengths, including its prospective design, comprehensive set of measurements and completeness of follow-up. An important strength of the OCTABAIX study is the use of a community-based sample of patients of the same age, and with no exclusion criteria. Therefore, this sample is representative of the socioeconomic characteristics of the older residents in our area, with the full range of comorbidities. All subjects were registered with a general practitioner and benefited from the full range of public health facilities. However, the same-age restriction might limit the value of the findings of our study when applied to an elderly population with a broader age range. The size of the sample population was the main limitation of this study, compared with previous studies (14) , and consequently, there were few individuals with abnormal TSH values. One weakness of our study is that thyroid function was measured only once, despite evidence that abnormal TSH will spontaneously normalize in a substantial proportion (up to 25%) of individuals (29) . Another limitation is the fact that tri-iodothyronine levels were not available. Furthermore, we did not analyze the cause of death. In this respect, it should be noted that two recent meta-analyses on subclinical thyroid dysfunction suggest that there is an increased risk of adverse cardiovascular events in patients younger than 65 years, but not in older ones (30, 31) .
In conclusion, a single measurement of serum TSH in a sample of individuals aged 85 years or older was not associated with functional or cognitive status, nor with increased 3-year mortality from all causes.
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